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(64) A compound bearing apparatus, and a apindio motor and a awing arm for a hard diak drlva 
meana Including aueh baaring opparatuo 



(57) The compound bearing apparatus embodying 
tha present invention includas a stepped shaft (1 ) hav- 
ing enlarged and reduced diameter shaft portions (ia, 
lb), a Glaeve outer r»CA (P) surrounding tha stopped 
shaft, and two rows ot balls (3. 4) intarposed therebe- 
rween. Outer sealing plate$ (10, 11}are provided longi- 
tudinally extemany of the two row» of bdilti, and inner 



sealing plates f 1 3. 1 4) are provided In the interior «par;o 
between the two rows of balls. 

The plates form labyrinth seals for preventing lubri- 
cant pr^&Qnt around tho boU from looking out to tho ex- 
terior the apparatus, as well as Into the interk>r space 
between two rows of balls. The compound bearing ap- 
paratus may t>e [ncorporaiad in a spirals motor andAw 
a swing arm assembly lor a hard disk drive. 
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[0001] Th© pr^sdni invsnt(on relates to a compound 
bearing apparatus suitable for the rtstatjng portbn of so 
caftod precfsion mechanrcal egufpment. and to a spindle s 
motor and a awing anm for a hard disk drive which In- 
cludes such bearing apparatus. 

[0002] A VP f l©ty of struoturcw of bearing appaiaiue are 
known for the rotating portions of precision mechanicaf 
equipment lr> the case ot the prior art as shown in Fig. io 
7. th6 compound tjearing apparatue includes a stepped 
shaft 41 having enlarged and reduced diameter shaft 
portions 41a, 41b, a sleeve outer r?»ne 42 sun-oundlng 
the stepped shaft, and two rows of rotating bodies 44. 
45 rnterposad, respectfveJy, between the enlarged diam- is 
eter shaft portion 41a and th© sfeevu outer race 42, and 
an inner race 43 fitted around tne reduced diameter 
Shaft portion 41b and the sleeve outer race 42. 
[0003J rn such compound bearfng apparatus of the 
prior art, the clearance defined between the enlarged m 
diameter shaft portion of ttiA shaft and tho sleovo outer 
race, and that defined between the inner race and the 
sleeve outer race, are cbaed by means of sealing plates 
4a, 47 on th© out&icfe of each of two fows of rotating 
bodies. This is to prevent the lubricant present around ss 
the rotating bodios. e.g! balls 44. AS, rolling recessss 
48a, 48b, 49a 4db, and the retainer 50. from leaking 
out therefrom. 

[0004] In the compoJ jnd h&aring apparatus of tho prior 
a rt having the above-mentioned structure , a shortage of so 
lubricant often occurs due to the dispersion thereof into 
the space A defir iwd between tne two rows ot balls 44, 
45. This also causes rotational noiee or vibration, and 
reduces the lifetime of the bearing apparatue. 
[0005] When a spindle motor including such com- ss 
pound bearing apparatus of the prior art ie ueed as a 
driving apparetutt for a hard dtek drive dovieo, the lubri- 
cant dispersed by the high speed rotation of the bearing 
apparatus into the space A will transform into a lubricant 
rnltil and produce turbulence. This, turtjulence will pro- 4q 
dues noise or vibration affecting the stillness and the ac- 
curacy of the rotation of the motor. 
[0006] Further, in the swing arm assembly employed 
as a swing arm for the hard disk drive device. It is nec- 
eftft^iry to dlsplac9 th© magnetic head.^curatoiy along 
the surface of the hard disk used as the magnetic stor- 
age medium by swinging the arm around the snafl ac- 
curately. Huvwevsr, a swing arm assembly Incnjding a 
compound bearing apparatus of the prior art Is apt to 
produce rotational noise or vibrations due to deteriora- so 
tion rssulting from ageing of the compound bearing ep- 
paratus. These rotational nofses or vibrations will often 
lead to difilc crsich, impairing tho roliability of the hard 
disk drive means. 

[0007] Accordingly, the object of the present invention S£ 
iy to provide a compound bearing apparatus having 
sealing means for preventing lubricant pressm around 
the rotating bodias from leaking away into the space de- 



fined between the rows of the rotating bodies of the 
bearfngs, as waII as to the outcide of the bearing appa- 
ratus, and to provide a spindle motor and swing arm for 
hard disk drive means including such bearing appara- 

[0008] According to one aspect of the present Inven- 
tior>, there is provided a compound bearing ppparatug 
rricluding a stepped shaft having enlarged and reduced 
diameter shaft portions, a sleeve outer race surrounding 
theateopsdshafr. and two rowe of rotating bodies iiiiur- 
posed therebetween, wherein; 

the ruiaiing bodies or the first row are disposed be- 
tween an outer peripheral roHinjg recess formed di- 
rectly on an outer peripheral surface of tho oniarasd 
diameter shaft portion and a first inner poripheiBl 
rolling recess formed directly on the Inner peripheral 
surfaca of the sleeve outer race, 
the rotating bodies of the second row am disposed 
between an outer peripheral rolling recess formed 
oi I an outer periphery of an inn er race fitted over the 
reduced diameter shaft portion of said stepped 
shaft and & second Inner peripheral rolling roceA^ 
fprmed directly on the inner peripheral surface of 
the sleeve outer race, 

at ihA longitudinal outer sido of tho rotatine bodioo 
of the first row a first outer sealing plate of ring 
shape having a central aperture is disposed be- 
tween the inner partpheral surface Of tne sleeve out- 
er race and the outer peripheral surface! of the en- 
larged diameter shaft portion, 
' the first outer sealing plate is secured either one of 
the Inner peripheral surface of the sleeve outer race 
or the oLrtar paripheral surface of the enlarged di 
ameter shaft portion with leaving a slight radial 
ctearar^e between the inner or outer periph s ral sur- 
face tfiei wf driU ihe remaining one OT in© outer pe- 
ripheral surface of the enlarged diameter shaft por- 
tion orthe inner peripheral su rf ace of the sleeve out- 
er race to provide a labyrinth seal function, 
ai the longitudinal outer side of the rotating bodies 
of the second raw, a ^Arond outer sealing plate of 
ring shape having a central aperture is disposed be- 
tween the inner peripheral surface of the sleeve out- 
er race and the outer puripfisral surface of ihe inner 
face, 

the second outer sealing plate la secured either one 
of the inner peripheral surface of the sleeve outer 
race orthe outer peripheral surface of the inner race 
with laaving a slight radial clearance between the 
inner or outer peripheral surface thereof and the re- 
maining one of the outer peripheral surface of the 
inner rauw mi ih© Inner peripheral surface or the 
sleeve outer retce to provide a l^yr Inth seal func- 
tion, 

at the longitudinal innor side of the rotating bodies 
Of the first row, a first Inner sealing plate of ring 
shape having a central aperture is dlspoAAH he- 
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iwsen Ihe inner pdr/pheral surfaca of thd sfaeve out- 
ftf r«rt^ and thp Quior porfphorel ourfece of the wi- 
larged diameter shaft portion, 
the first inner sealing plate is secured either one of 
thu inner peripheral sunace of the sleeve outer race s 
or the outer peripheral surface of the enlarged di- 
ameter shaft portion with leaving a slight radnl 
clearance between the inner or outer perlpheraJ sur- 
face thereof and the remaining one of the outer pe- 
riphArgJ surface of the enlargod dtometer ahaft por* ro 
tlon or the Inner peripheral surface of the sleeve out- 
er (ace to provide a labyrinth seal function, 
at the longiiuoinai inner side of the rotating bodies 
of the second row, a second Inner sealing plate of 
ring shape having a central aperture Is diflp^s^d be- is 
tween tfie inner peripheral surface of the sleeve out- 
er race and the outer periphem] surface of the inner 
racQ, and 

the second inner sealing plate is secured either one 
of the Inner peripheral surface of the sleeve outer 
race or th^ outer peripheral aurlaoQ of the inner r«ce 
with leaving a slight radial clearance betwsen the 
Inner or outer peripheral surface tharAof and the re- 
rnairtlng one of the outer peripheral surface of the 
inner race or the inner peripheral surface of the 
sleeve outer race tu provide a labyrimh eeal Tune- 
tion. 

[0000] Other optional tsaturee of the compound bear- 
ing apparatus are defined In clarrrus 2, and 3. so 
(001 Oj Accordin g to anothar aspect pf the prAAAnt ir^ 
vention. there is provided a spindle motor including a 
compound bearing apparatus ae defined. The rotor hub. 
i.e. the rotatEng member of the spindle motor, is adapted 
to be joumalled on the base of the rnotor by the com- ^ 
pound bearing apparatus. 

[0011] According to a further ddpect of the present in- 
vention, there Is provided swing arm assembly for use 
with A Ivirrl riifik drnm Hi^vV^n, which irv::ludes a com- 
pound bearing apparatus as defined. The compound 
bearing apparatus is fitted within a cylindrical portion 
fuirnliig the bii»» of the awing arm lu lulatably Journal 
the swing arra 

{0012] Various embodinrants of the present invention 
will now be described with reference to the accompany- ^ 
ing drawings. In which: 

fig. 1 is a longHudlnal cross sectional view showing 
a compound bearing apparatua embodying the 
pi dbeiit invention; 

Fig. 2 is a longitudinal arose sectional view showing 
another embodiment of the compound bearing ap- 
paratus of the present invention; and 
Fig. 3 Is a longitudinal cross sectional view showing 
a ftpindle motor embodying the presant invention; ss 
Fig. 4 Is a longituoinai cross sectional vie w snowing 
another embodiment of the spindle motor of the 
present invention: 



Pig. 5 is a longitudinal cross sectional view showing 
a swing arm assembly embodying the presant in- 
vention; 

Fig. 6 is a longitudinal cross Aertional view showing 
another embodiment of the swing arm assembly ot 
the present invention; and 
Fig. 7 is a longitudinal cross sectional view showing 
the compound bearing apparatus of the prior art. 

1001 3] A compound ceanng apparatus in accordance 
with the first and second embodiments of tfie present 
invention will now be descnbed with ref eranco to Figs, 
land 2. 

< THE FIRST eiN4600JMENT > 

100141 As can be seen from Fig. 1, the compound ' 
oeanng appaiatua or the first embodiment Includes a 
stepped Shaft 1 having an enlarged diameter shaft por- 
tion la and a reduced diameter shaft portlcyn lb, a cy- 
lindrical sleeve outer race 2 surrounding the stepped 
shaft, and two rows of rotating bodies, such as balls 3, 
4. int«rpo6dd thorobotwo^n. 

[GDIS] The balls 3 of the first row (the left row in Fig, 
1) are disposed between on oulor peripheral rolling re- 
cess a termed directiy around the outer peripheral sur- 
face of the enlarged diameter shaft portion la of said 
Slopped shaft 1, and a first inner peripheral wiling re- 
cess 6a formed directly in the inner peripheral surface 
of said sleeve outer race 2. 

[001 GI The balls 4 ol the second row (the right row In 
fig. 1 ) are disposed between an outer peripheral roiling 
recess 8 provided around the outer peripheral surface 
uf an inner race 7 filled over the reduced diameter shart 
portion 2a of said stepped shaft 1 , and a second inner 
peripheral rolling recess 6b formed directiy in the inner 
peripheral suriace of the sleeve outer race 2. 
[DOIT] The outer diameter of said inner race 7 is sub- 
stantially identical with That of the enlarged diameter 
shaft portion la. so that balls of the same diameter can 
be employed as the balls d, 4 of ti^ first and second 
rows. 

[0018] The inner race 7 may be attached to the shaft 
to leave a epaoe 9 between an inner end of the inner 
race and a surtace of a shoulder formed between the 
enlarged portion and reduced portion of the shaft. 
[0019] On the left end of the bearing assembly. l.e. on 
one end to the left of the first row of bails 3) a first kDn- 
grtudinaily outer sealing plate 10 is provided to seat the 
i;i«ai«u(V« UaiiiivU b«tw9mi Uio enleiryed dieirritfler »^iaU 
portion 1 a and the sleeve outer race 2. On the right end 
of the bearing assembly, Le. on the other end to the right 
of the second row ol bails 4, a second longitudinally out- 
er sealing plate 11 Is provided to seal the clearance de- 
fined between the Inner re/ce 7 and the ftieeve outdr race 
2. The outer sealing plates io, 11 are ring shaped ^o 
have a central aperiure therethrough. The outer periph- 
eries of the outer aealing plates 10, 11 are adapted to 
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bo fitted into Inner peripheral grooves 12a, 12b formed 
inthd innor peripheral eurfdce of said elesve outer race 
2. 

[CX)20] The Inner diameter of the central aperture oJ 
the outer eealing piaie 10 is slighxly larger than The outer ^ 
diameter of the enlarged diameter shaft portion la to 
leave a slight clearance therebetween to provide a lab- 
ynnth seal furtction. 

[0021] The inner diameter of the central aperture of 
the outer sealing plate 11 is slightly larger than the outer 
diameter of the Inner race 7 to leave a slight clearance 
therebetween to provide a labyrinth eeal function. 
[0022] The compound beanng apparatus further lr^ 
eluded ftrst and second longhudlnaJV inner sealing 
plates 13, 14. The first inner sealing plate 13 is disposed is 
to the right of the first row of balls 3. and the second 
inner sealing plate 14 is disposed to the ien of the sec- 
ond row of balls 4. 

[0023] These inner sealing plates 1 3, 1 4 are also rl ng 
shaped* and have a central aperture therethrough. The 
outer psripnenes of tne mer sealing plates 13, 1 4 are 
fitted into Inner peripheral groovas ISa, ISb formed in 
the inner peripheral surface of seid alaeve outer race 2. 
[0024] An outer peripheral labyrinth recess 16 is 
formed around the enlarged diameter shaft portion la 
at th« position wh«ro th« radial plane d^findd by the fir^t 
inner sealing plate 13 intersects the shaft 1. The inner 
diameter of the Inner sealing plate 13 Is substantially 
equal to or slightly larger than the outer diameter of the 
enlarged diameter shaft portion la to prevent the first 90 
inner sealing plate from contacting the shaft, and to pro- 
vrde a labyrinth seal function with the labyrinth recess 
16. 

[0026] Should the inrtor sealing plate 13 be formed 
wKh or from a pliable materfaJ, such as synthetic nibber, 35 
enhancsmant of the labyrinth seal function can be ob- 
tained by the reduction of the inner diameter of the ap- 
erture to a diameter slightly smaller than the outer diam- 
eter of ^e enlarged diameter shaft portion la 
[0026] Th 6 inner periphery of tha second inner saaling -40 
plate 1 4 is disposed opposite a space 9 defined between 
thd inner end of the Inner race 7 and the surface of tho 
shoulder. The inner diameter of the mner eealing plate 
14 is substantially equal to or slightly larger than the out- 
er diameter ot the enlarged diameter shaft portion 1 a to ^ 
prsvent the Innar sealing plate from contacting the Inner 
race orthe shaft< and to provldo a labyrinth eaal function. 
[0027] Should the Inner sealing plata 14 also be 
formed with or from a pliable material, such as synthetic 
rubber^ enhancement of the labyrinth fisal function can so 
be obtained by the reduction of the inner diameter of the 
aperture to a diameter slightly smaller than the outer di- 
ameter ot tne tnner race 7. 

[0028] The elements represented by reference nu- 
meral 20 are ball retainers. 

[0029] The assembling operation of the compound 
bearing apparatus of the above mentioned first embod- 
iment ic carried out as follows. 
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[0030] The outer peripheries of the inner sealing 
plates 13 end 14 aro fitted Into tho Inner penphdral 
grooves 1 Sa« 1 Sb of the sleeve outer race 2. the stepped 
shaft 1 is inserted into the sleeve outer race 2» and then 
inner race 7 is fitted sJioaDiy around the reduced diam- 
eter shaft portion lb of the stepped shaft. 
[0031] Next, the stepped shaft 1 is dtspJacod radially 
within the slesve. outer race to form a gap greater than 
the diameter of balls 3, 4 therebetween, and then these 
balls arg loaded therethrough. 
[0032] In this step of the assembling operation, the 
inner sealing plate 13 secured on the longitudinally inner 
side of balls 3 of the first row Is adapted to enter the 
outar peripheral labyrinth groove 16, and ihe inner seal- 
ing plate 14 secured on the longitudinally inner aide of 
balls 4 of the second row is adapted to enter the space 
9 defined between inner end of the inner race 7 and the 
surface of the ehoulder, eothat the second Inner sealing 
plates do not Interfere with the radial displacement of 
the stepped shaft, and the loading of the balls 3. 4 can 
bo effected easily. 

[0033] After loading a predetermined number of ballSi 
the bells are located equidistantly relative to each other 
by means of ball retainers 20, and then the \f\Mr race 7 
Is bonded or otherwise secured to the reduced diameter 

shafi portion undor a prodotonninod proccura, and outar . 

sealing plates 10, 11 a re also fitted into the Inner periph- 
eral grooves 12a» 12b of the sleeve outer race and se- 
cured thereto. 

<THE SECOND EMBODIMENT> 

[0034] Although th e Inner and outer sealing plates dis- 
posed on tho opposite sids of balls 3 of the first row are 
mounted in the inner peripheral surface of the sleeve , 
outer race 2 in the embodiment of Fig. 1 . the inner and . 
outer sealing plates can alternatively be mounted in tlie 
enlarged diameter shaft portion 1a as shown in Fig. 2. 
[00361 A pair of outer peripheral grooves 1 7a, 1 7b are 
fonmed distatly and proximany to the outer peripheral 
rolling recess 5 formed in the enlarged diameter shaft . 
portion la. Inner paripheral labyrinth grooves 1da< Idb 
are formed in the portions of the inner peripheral surface 
of the sleeve outer race 2 intersected by the radial 
planes including tne outer peripheral grooves, uuter 
and Inner sealing plates ISa, leb including a central ap- 
enure are respectively fitted at thair Inner peripheries 
into the outer peripheral groovee 17a, 17b. Tho outer 
diameter of the sealing plates 10a, Idb is substamiaily 
equal to or slightly smaller tlSan the inner diameter of the 
sleeve outer race 2 to prevent the inner sealing plates 
from contacting the sleeve outer race to provide the lab- 
yrinth seal function. 

[0036] Should both of the outer and inner eealing 
plates 1$a, l^b be formed with or from pliabid matarlal, 
such as synthetic rubber, enhancement of the labyrinth 
seal function can be obtained by enlarging the outer di- 
ameter of the fioaling plates to a diameter slightly larger 
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than tha inner diameter of the sidevd outer race 2. 
[0037] Tn^ adsannbiing operation ot the compound 
bearing apparatus of the above mentioned second em* 
bodiment is adapted to be carried out as follows. 
[0038] The inner periphery of the Inner eealing plate s 
19b (8 fined into the outer peripheral groove 17b formed 
in tho onlargod diameter ehaft portion la inwaidly of the 
outer peripheral rolling recess 5, and the outer periphery 
ot the inner sealing piate 14 is fitted into the Inner pe- 
npheral groove 1 Sb ot the sleeve outer race 2. Then the iO 
stepped shaft 1 is inserted with the first inner sealing 
plate into the sleeve outer race 2, and tha inner race 7 
18 fitted slidably around the reduced diameter shaft por- 
tion 1 b of the ^t^pped shaft. 

[0039] Next, tho otepped ehaft 1 b didpteced radially 
within the eleeve outer race to form a gap greater than 
the diameter of balls 9. 4 therebetween, and then these 
baits are loaded therethrough into the inner and outer 
roiling recess. 

[0040] in this step of the assembling operation, the 
inner sealing plate 1 9b secured on the longitudinally in* 
nsr side of balls 3 ot the first row is adapted to enter into 
th« inner peripheral labyrinth groove ISb, and the innor 
eeailing plate 14 secured on the longitudinally Inner side 
of balls 4 ot the second row fs adapted to enter into the 2s 
space 9 defined between inner end surface of the inner 
race 7 and the surface of the shoulder, so that the inner 
sealing plates do not interfere with the radial displaoa* 
ment of the stepped shaft, and the loading of the batTs 
d. 4 can be affected easily. ^0 
[0041] After loading the predetermined number of 
baits, the balls are located equidistantly relative to each 
other by means of ball retainers 20. Then, the inner race 
7 Is bonded or otherwise fixed to the reduced diameter 
shaft j3ortjoir> under a predetermined pressure, outer ^ 
seaiing plate 19a Is fitted Into the outer peripheral 
groove 17a of the enlarged shaft portion 1 a. and the out- 
er sealing plate 11 is fined into tha inner peripheral 
groove 1 2b of the slesve outer race 2 and secured there- 
to. ^ 
[0042] Although balls are employed as rotating bodies 
in the above mentioned first and second embodiments, 
rollers oould alternatively be em(^oyed to accomplish 
tha same function. 

49 

<THE EMBODIMENT OF THE SPINDl-E M0TOFl> 

[0043] The spindle motor for a hard disk drive device 
incorporating the compound bearing apparatus of the 
abova<nentloned first embodiment will now be de- -^o 
scribed with reference to Fig. 9. 

[0044] A compniinri hRnring AppAmtu& 2S Is secured 
centraSy on a base 21 to extend vertically therefrom with 
the enlarged diameter shaft portion of the bearing being 
lut;«Lled »t tti^ bottom end thereof. The baee 81 is pro* ^ 
vtded with a flange 22 at the outer periphery thereof. A 
rotor hub 24, 1.a. a rotating member of the motor, in- 
cludes on Its central lower surface a cylindrical central 



portion 2S having upper and lower openings. The cylin- 
drical portbn is formed integrally with the rotor hub using 
the same member. The cytindrical portion 25 is fitted 
over the sleeve nutnr rnrn 2 of the compound bearing 
apparatus 23. 

[0045] The rotor hub 24 is provided around the outer 
periphery thereof with a downwarcily OoiJoriUirty n^utye 
26 having a d^k mount portion for the disk or disks of 
the hard disk drive devk;e. The inner peripheral surface 
of the downwardly depending flange is provided with ro* 
tor magnets 27 made of permanent magnets. 
[0048] Stators 30 having rospeoth/e coHr 29 wnund 
therearound are secured around a yoke holder 88 
formed integnally with the base to extend upwardly 
therefrom so as to leave a slight clearance between the 
outer peripheral portion the stators and tha inner periph- 
eral surface of the rotor rnagnets 87. In this connection, 
the rotor hub is adapted to be rotatably driven by ener- 
gising the colls 29. 

[0047] The assembling procsdura cf the spindla mo- 
tor embodying the present Invention is effected as de^ 

scribed below. 

[0040] The compound bearing apparotue 20 ie pneM 
fitted end adhesively secured within the central cylindri- 
cal portion of the roior hub 24. The base or tower end of 
the enlarged diameter shaft portion la of the stepped 
shaft 1 of the compound bearing apparatus is press fit- 
ted and adhesively secured within the bore of the base < 
21 

[0049] In the above^entloned case, the stepped > 
el^ft 1 of the compound bearing apparatus is adapted 
to be secured to the base 21 so that the sleeve outer 
race 2 is adapted to be rotated together with the rotor 
hub 24, i.e. the spindle motor is ot the fixed shan type. 
A spindle motor of the rotating shaft type, may also in- 
corporate the compound bearing apparatus. In this 
case, the sleeve 2 is secured to the base 21 and the 
stepped shaft 1 Is adapted to be rotated together with 
the rotor hub 24. 

[OOEO] Further, although the compound bearing appa- 
ratus of the first embodiment shown in Fig. 1 is embod- 
ied In the spindle nnotor^ the compound bearing appara* 
tus 23' in accordance with the second embodiment as 
shown In 2 can also be used as shown in Fla 4. 

< £t\4BODIMENTOF SWING ARM ASSEMBLY > 

[0051 1 A swing arm assembly (or a hard disk drive de- 
vice is illustrated in Fig.5. This swing arm assembly in- 
cludes the compound bearing apparatus of the above- 
mentioned first embodiment. 

[0062] A base or a cylindrical portion 34 of a swing 
arm 3S is secured to the sleeve outer race 32 of the com- 
pound bearing apparatus 31 . The swing arm 33 has 
mounte OS for eerrying the magnstle hood of tho hard 
disk drive device at its distal portion. 
[00$31 The compound bearing apparatus 31 is press 
ntteo and adhesively secured within the bore 36 of the 
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cyrindrtca) portion 34 with interposing adhesive between 
thR otJtftf pnriphArai Aurf^rn nf thA aIaai/a niiTAr fAnn S 

and the inner peripheral eurtace of the bore of the hub 
34. 

[0094] In the swing arm assembly of the construction ^ 
ae described above, magnetic heads (not shown) are 
adapted to be attached to the mounts 35, and the lower 
end of the enlarged diameter shaft portion 1 a of the com- 
pound, bearing apparatus 31 is secured on the base (not 
shown) of th« h«rd dl^tc drive device. The swing arm a$* 
sembly can be rotated around the shaft by means of any 
appropriate actuator. 

[0035] The cibove-d escribed swing urm aesembiy 1^ 

of the fixed shaft type in which the cylindrical portion 34 
ot the swing arm is secured around the sleeve outer race 
of the compound bearing apparatus and the stepped 
shaft Is secured to the base ot hard disk drive device. A 
fiwing arm assembly of the rotating shaft type may also 
Incorporate the compound bearing ^paratus. In this 
case, the cylindrical portion 34 is secured to the stepped 
snatt, and the sleeve outer race is secured to the base 
of hard disk drive device. 

[0056] In the above-mentioned embodiment of the 
swing arm assembly, the compound bearing apparatus 
ae shown in Rg. 1 is employed. Attemallvely, a com- 
pound bearing apparatus as shown in CTg. 2 may be em- 
ptoyed. 

Advantages or effscts obtained by the use ot compound 
bearinfl apparatUB embodying the present inverTtion 

[Q057] TTie oompound bearing apparatus embodying 
the present invention includes sealing plates at the ion* 
gitudinally inner sides of each row of rotating bodies as 
well as at ths iongitudinalV outer sides, so that the lu- 
bricant present around ths rotating bodies, the roiling 
recesses, and the retainers, will oe prevented from ieak« 
ing out from the bearing apparatus. Thus, a compound 
bearing apparatus which is quiet in operation and has a 
long life can be obtained. 

[0058] The labyrinth seal structure formed by the ele- 
ments of the bearing apparatus such as the ky^Qftiidl- 
nalty inner and outer sealing platss. the sleeve outer 
race, and the shaft, does not produce f hetional heat and 
does not affect the rotational torque, since there is no 
contact between the elements. 
[0059] Further, the spindle motor Incorporating the 
compound bearing apparatus also has a tong I'rfe and 
maintains high rotational precision fbr a tong period of 
tima. The aeserr^llng procedure of the spindle motor 
can be effected easily merely by press fitting the com- 
pound bearing apparatus Into the central cyiindrical por- 
tion Of the rctorhub and securing it tnereto, for.example 
by means of adhesive. 

[0060] Addrtlonafly. the swinq arm assembly incorpo- 
rating the cc^mpound bearing apparatus also has a long 
fife and maintains high rotational precision for a long pe- 
riod nl timA, An that the reliabiiity of a hard disk drive 



device can be enhanced The assembling procedure of 
thA Rwtng arm assembly can be effected easily merely 
. by press fitting the compound bearing apparatus into the 
cylindrical portion of the base o1 the swing arm and se- 
curing It thereto by means or adhesive. 
[0061] While particular embodiments of the present 
invention have been illustrated and described, it will be 
obvious to those skilled in the art that various changes 
and modifications can be made without departing from 
the scope of the invention as defined in the appended 
claims. 



Ciaime 

1 . A compound bearing apparatus including a stepped 
shaft (1) having enlarged (la) and reduced (lb) di- 
ameter shaft portions, a sleeve outer race (2) sur- 
rounding the stepped shaft, and two rows (3, 4) ot 
rotatable bodies intefposad therebetween, where- 
in: 

the rotatable bodies (3) of the first row are die- 
posed between an outer peripheral roiling re- 
cess (5) formed directly in an cuter peripheral 
surface of the enlarged diameter shaft portion 
(1a) end a first inner peripheral rolling recess 
(Sa) fonmad directly in the inner per^heral sur- 
face or the sleeve outer race (2), 
the rotatable bodies (4) of the second row are,, 
deposed between an outer peripheral rolling 
recess (8) formed in an outer periphery of an . 
inner race (7) fitted over the reduced diameter / 
shaft portion <1b) of said stepped Rh^ft And a 
second inner peripheral rolling recess (6b) 
formed directly in the inner peripheiai surface 
of The sleeve outer race (2), 
at the longitudinal outer side of the rotatable 
bodies of the first row. a first outer sealing plate 
(10) of ring shape having a central aperture is 
disposed between the inner peripheral suriace 
of the sleeve oiitar rpsne (2) »nd the outer pe- 
ripheral Guriace of the enlarged diameter shaft 
portion (1a), 

me first outer sealing piaie (lO) is secured to 
one of the Inner peripheral suriace of the sleeve 
outer race (2) and the outer peripheral surface 
of ttie enlarged diameter shaft poftion (la) with 
a slight radial clearance between the inner or 
outer peripheral suriace of the first outer saaI- 
Ing plate (10) and the other of the outer perlph- 
' era! surface of the enlarged dianneter shaft por- 
tion (la) and the Inner peripheral surface of ihe 
sleeve outer race (2) to act as a labyrinth seal, 
at the longitudinal outer side of the rotatable 
bodies (4) of the second row» a second outer 
sealing plate (1 1 ) of ring shape having a centraJ 
aperture Is disposed between the inner pariph- 
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eral surface of ihe sleeve outer race (2) and the 
outer penpherai surtace or tne inner race (7), 
the second outer sealing plate (11 ) is secured 
to one of the inner oeriDhoral surface of the 
sleeve outer race (2) and the outer peripheral ^ 
surface of the inner race ff] with a slight radial 
clearanco betwodntha innororoutorpdriphdral 
surface of the second outer sealing plate (11) 
and the other of the outer peripheral surface of 
the inner race (7) and the inner peripheral sur- 
face of the sleeve outer race (2) to act as a 1al> 
yrinth seal. 

at the longitudinal inner side of the rotatabie 
bodies (3) of the first. row, a first inner sealing 
plate (1 d> of ring shap« i-ievlng a central aper- i^ 
ture is disposed between the inner peripheral 
surface of the sleeve outer lace (2) and the out- 
er peripheral surface ot the enlarged diameter 
shafi poaion (1a), 

the first inner sealing plate (13) la secured to 20 
one of the inner peripheral surface of the sleeve 
outer race C2) and the outer peripheral surface 
of the enlarged diameter shaft poition (la) with 
a slight radial clearance between the inner or 
outer peripheral surface of the first inner seal* ^ 
ing plate (19} and ihe other of the outer periph- 
eral surface of the enlarged diameter shaft por- 
tion Cla) and the Inner peripheral euifaoe of the 
sleeve outer race (2) to act as a labyrinth seal, 
at the longitudinal inner side of the rotatable ^ 
bodies (4) of the second row. a second inner 
sealing plate (14) of ringshape having acentral 
aperture is disposed between the inner periph- 
eral surface of the sleevs outer race (2) and the 
outer peripheral surface of the Inner race (7), ^ 
and 

the second inner sealing plate (14) Is secured 
to one of the Inner peripheral surface ot Tha„ 
alcove outer race (8) and the outer penphoral 
surface of the inner race (7) with a slight radial 40 
clearance between the inner or outer peripheral 
surface of the second tnner sealing piate (14) 
and the otherof the outer peripheral surface of 
the Inner race (7) and the Inner peripheral sur- 
face of the sleeve outer race (2) to act as a iat>- 
yrinth seal 

2. Apparatus as claimed in claim 1 , wherein; 

the first and secon<l outer and inner sealing so 
plates (10. 19, 11, 14) are fitted at their outer 
pariphariAfl into Asaoctated inner peripheral 
groovee {12^ Ite, 1 2b, ISb) fbrrned in the inner 
peripheral surface of the sleeve outer race (2), 
a slight radial clearance is provided between ^ 
the inner peripheral surtecee of said first outer 
' sealing plate (10) and the enlarged diameter 
shaft portion (la) to act as a laoynntn aeai. 



a slight radial cleaiancs is provided between 
the inner psripheral surface of the second outer 
sealing ptate (11 ) and the mner race (7) to act 
as a labyrinth seal, 

a slight radial cisaranca is provided between 
the Inner peripheral surface of the first Inner 
sealing plate (10) and an outer peripheral lab- 
yrinth recess (16)1ormsd In the outer psnph era] 
surface of the enlarged diameter shaU portion 
(la) at the longitudinal inner side of the rotata- 
ble tsodles (3) of the first row to act as a labyrinth 
seal, and 

a slight radial cieararkce ts provided between 
the inner per^heral surlace of the second Inner 
eealing plato (14) and a epace (9) defined be- 
tween a Shoulder formed at the juncture be- 
tween the enlarged diameter shaft ponion (1a) 
and the reoucea diameter snatt portion (I b) and 
the Inner end ot the inner race (7) to act as a 
labyrinth seal. 

a. Apparatus as claimed in claim 1 . wherein: 

the first outer and Inner sealing plates {10, 13) 
are fitted at their inner peripheries into a pair of 
peripheral grooves {17a, I7b) fonned on eacn 
side of the peripheral roiling recess (6) of the 
first row (3) of rotatable bodies, in the outer pe- 
ripheral surface of the enla/ged diameter shaft 
portion (la), opposite a pair outer and inner 

peripheral grooves (Ida, ISb) formed on each 
side of the first inner peripheral rolling recess 
(6a) in the sieeve outer race (2) respectively, 
with a sngh! radial clearance detween the outer 
peripheral surface of each sealing plate (1 0, 1 3) 
and each peripheral groove (18a. Idb) to act 
as a labyrinth seal, 

the second outer and inner sealing plates (11, 
14) aro fiJcodly fined at their outer peripheries 
into a pair of peripheral grooves (12b, 15b) 
formed on each side of the second inner periph- 
eral roiling recess (6&) formed in the inner pe- 
ripheral surface of the sleeve outer race (2) with 
a stiQht radial clearance between the inner pe- 
ripheral surface of the outer eealing plate (11) 
and the Inner race (7) to act as a labyrinth seai. 
and with a GWqht radial clearance between tha 
inner peripheraJ surface of the Inner sealing 
plats (14) and a space (9) defined between a 
Shoulder formed at the juncture the enlarged di- 
ameter shaft portion (la) and the reduced di- 
ameter shaft portion (lb) and an inner end of 
the inner race (7) to ad as a labyrinth seal. 

4. A ep indie motor inelLiding a rotating membor (d4)« 
such as a rotor hub, journalied on a Isase (21) by 
means of a compound bearing apparatus (23, 23') 
as claimed in claim 1> 2 or 3. 
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6. A swing arm aseembly journ^iied rotatabty on a 
basd of a hard disk drive devicd through a com- 
pound bearing apparatus (31) as claimed In claim 
1, 2 or 3. the compound bearing apparatus being 
located within a base cylindrioai portion (34) of the s 
ewing arm assembly. 
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(54) A compound bearing apparatus, and a epindia motor and a awfng arm for a hard disk drive 
moans Including such bearing apparatus 



(57) The compound bearing apparatus ambocving 
the present invention includes a stepped ehaft (1 ) hav- 
ing enlarged and reduced diameter shatt portions (la, 
lb), a cioovo outoi* roce (2) surrounding the stepped 
dhaft. and two row$ oT balls (3, 4) interposed therebe^ 
tween. Outer sealing plates (10. 11} are provided long!- 
tudinahy externally of the two rows of balls, and inner 



Gsnling p\t\tM (1 3. 1 4) are provided in the interior £paoa 
between the two rows of balls. 

The plates form labyrinth seals for preventing lubri- 
cant pre»ent around the ball from leaKiny uut Uj the ex- 
terior of the apparatus, as well as into the Interior space 
between two rows of ball5. The compound bearing ap- 
paratus may be Incorporated in a spindle motor and/br 
a swing arm assembly tor a hard disk drive. 
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